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Outline

I. Basics of NMR as related to 3He and T (3H) – how to tell 
between trapping in solid phases versus gas bubbles

II. Metal Tritides – Detailed Examples:
• LiT – the ionic salt with self-decomposition
• UT3 – strongly paramagnetic  metal phase
• PdTx – temperature dependences of NMR relaxation 

times used to characterize 3He in bubbles
III. Examples of 3He NMR for other Tritides
IV. Summary & Conclusions
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Basics of Nuclear Magnetic Resonance (NMR)
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For I = ½ nuclei, T2L = T2d, which can be calculated using crystal 
structure and locations of both resonant and non-resonant spins
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Practical Comments on NMR Characterization of 3He Retention
•3He NMR is non-destructive – allows chronological studies during tritium aging

•Quantitative measurements of 3He content in “solid” with precision of 5 – 20%

•Minimum NMR detection limit: ~1x1020 3He atoms @ room temperature

•Measurement of 3He relaxation times : >2x1020 3He atoms @ room temperature 
(hence, no values reported before at least 3-6 months of tritium decay)

•3He T1 and T2m recoveries are nearly always highly non-exponential – hence, 
generally use 1/e values to define “average” relaxation times.

•Most 3He NMR measurements have been done at room temperature (Exceptions of 
low temperatures include UT3, PdTx, and TiTx [Weaver, et al.]) 

•3He NMR Experiments in MTx performed at few locations (Open Literature):
LANL (~1960 very limited)

LLNL (~1965 → ~1970s)

Sandia – Albuquerque (1970s)

Sandia – Livermore (late 1980s)

Mound Laboratory (1972 → ~1991)



Metal Tritides Studied Using NMR @ Mound Laboratory
 

Typical NMR Samples T (1H) Relaxation Times (ms)  
Metal 
Tritide 

 
Host Crystal 

Structure 
Mass 

(grams) 
Initial 

T-content 
(1020 atoms) 

 
T2* 

 
T2m 

 
T1 

 
 
Special Comments, Etc. 

LiT FCC (NaCl) 0.28 169 0.011/0.45 -/2.6 ~2000/380 Ionic salt, rigid lattice,  
self-radiolysis giving ~ 9% T2 
gas in bubbles & Li metal 

TiT1.88 FCC (CaF2) ~1.0 ~200 0.011 - 231 Metallic, non-stoichiometric, 
rigid lattice, tetrahedral T-sites 

VT0.50 Monoclinic 2.72 155 0.065 0.13 22.6 Metallic, non-stoichiometric, 
octahedral T-sites, mobile 

VT0.75 BCC 1.79 151 0.039 0.78 22.8 Metallic, non-stoichiometric, 
tetrahedral T-sites, very mobile 

Mg2NiT3.96 Monoclinic 0.68 135 0.017 - 510 Semiconducting, NiH4
- ions, 

stoichiometric, no T2 gas seen 
up to 1285 days @ 300 K 

PdT0.65 FCC (NaCl) 2.42 87 0.114a 1.4 a 76 a Metallic, ductile, very mobile 
tritium 

ZrNiT2.93 Orthorhombic 1.84 204 0.007/0.036 -/0.06 235 Metallic, non-stoichiometric, 
both rigid & mobile tritium in 
two sites 

BaT1.93 Orthorhombic 1.61 131 0.021 - 3380 Ionic, stoichiometric, no T2 gas 
seen up to 858 days @ 300 K 

UT3.0 FCC (β-W) ~3.0 ~220 0.009 - ~4 Metallic, rigid lattice, 
paramagnetic [ferromagnetic Tc 
@ 183 K] 

 
aMeasured on a PdT0.10 sample aged for 8-years 
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Isotopic Li(H,D,T) Undergoes Extensive Swelling and 
Helium Outgassing During Irradiation
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γ-Ray Irradiation of LiH Produced Similar Swelling 
& Bubbles Filled with H2 gas along with Li metal (Radiolysis)

SEM  images of cubic bubbles Peak Swelling between 400 K - 500K

1.3 Grads @ 393 K: 5.1 % Swelling and  
7.5 nm average length

1.3 Grads @ 493 K: 8.7% Swelling and 
57 nm average length

Total Dose in Grads
P.C. Souers, et al., J. Phys. Chem. Solids 31 (1970) 1461 8



LiT Radiation Damage Characterized by Pulsed Nuclear 
Magnetic Resonance Methods @ Mound Lab

9•Identified (H,D,T)2 & Li metal
•Concentration from spin counts

3He NMR SIGNAL

T2 Gas

Li metal



“T” NMR Results for T2 Bubbles in LiT from Self-Radiolysis
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3He NMR Contents & Relaxation Time for Aged LiT
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Summary of Li(H, D, T) Behavior Derived from NMR

•Swelling due to radiolytic decomposition: Molecular hydrogen & 
lithium metal

•T2 and 3He are trapped in microscopic gas bubbles (d < 100 nm)

•Bubble size increase with temperature (larger) and radiation dose/age

•Helium outgassing is mainly due to bursting bubbles

•Li metal formation lags formation of gas bubbles at all temperatures 
[Not covered in this presentation]

•Complex synergistic relation between swelling & bubble formation

More information & references can be found:

1. P. C. Souers, et al., J. Nuclear Materials 154 (1988) 308-317.

2. R. Bowman, et al., J. Nuclear Materials 154 (1988) 318-331.
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Uranium Tritide (UT3) is a Strongly Paramagnetic 
Metallic Phase – Widely Used for Storage Systems

[Ferromagnetic Ordering Temperature is ~183 K] 
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3He T2* values @ 20 MHz for UT3 decrease 
at lower temperatures from increasing 
paramagnetism approaching critical point 

3He spin-echo @ 20 MHz 
from UT3 aged for 2 years



Age Dependence of 3He NMR for UT3 with Aging

3He contents from volumetric measurements 
(closed symbols) and NMR spin counts 
(open symbols) for UT3 samples stored and 
measured at room temperature.

3He Relaxation times T1 (closed symbols) 
and T2m (open symbols) for UT3 samples 
stored and measured at room temperature.

14Bowman & Attalla, Phys. Rev. B 16 (1977) 1828.



3He NMR for 8-year aged PdTx

Bowman, et al. Phys. Rev. B 37 (1988) 9447.
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Abell & Attalla, PRL 59 (1987) 995

Fluid-Solid

Bowman, et al. Phys. Rev. B 37 (1988) 9447.



Analysis of Low Temperature 3He T1 Data in Bubbles of 8-Yr PdTx
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Abell & Cowgill, Phys. Rev. B 44 (1991) 4178.

Properties of 3He Bubbles

Pressure = 6-11 GPa [60-110 kbar]

Mean Density = 0.20 mol/cm3 (2 yr)

= 0.15 mol/cm3 (8 yr)
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NMR of Solid 3He Phase in 8-Year Old PdTx

Abell & Cowgill, Phys. Rev. B 44 (1991) 4178.



3He Retention in the VTx Phases Via NMR

BCC α-Phase:  T = Tetrahedral sites
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Monoclinic (BCT) β-Phase:  T = Octahedral sites

V-T Phase Diagram compared to
V-H and V-D Systems (Lasser & 
Schober - 1987)

XX

Bowman, et al. Fusion Tech. 8 (1985) 2366.
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3He Relaxation Times Show Same Trends (i.e., Increasing 
Bubble Sizes from the Increasing T2m/T1 Ratios ) for TiTx and 
Mg2NiTx During Aging

Note: 3He NMR suggests little effect 
on bubble properties from storage 
temperatures between 25 – 100 oC

Mg2NiTxTiTx
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Representative 3He Relaxation Times for Several Metal 
Tritides Measured at 45.7 MHz and Room Temperature
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3He Relaxation Times (ms)  
Metal 
Tritide 

 
Age 

(Days) 

Atom Ratio 
for 3He/T 

from NMR 
 

T2* 
 

T2m 
 

T1 

 
 

T2m/T1 Ratio 
LiT 184 0.021 - 15 6,500 0.002 
LiT 815 0.063 @ 763 

days 
- 168 11,300 0.015 

TiT1.88 168 - 0.049 0.9 500 0.002 
TiT1.88 1346 - 0.093 135 2,240 0.060 
VT0.50 140 - 0.061 2.9 530 0.005 
VT0.50 1825 0.18 (85%) @ 

1548 days 
0.076 54 2,240 0.024 

VT0.75 ~600 0.11(79%) @ 
989 days 

- ~15 ~900 0.017 

VT0.75 ~1600 0.18 (82%) @ 
1567 days 

- ~70 ~2,500 0.028 

Mg2NiT3.96 403 0.09 (75%) @ 
818 days 

0.175 13.8 2,800 0.005 

Mg2NiT3.96 1281 - 0.330 615 14,600 0.042 
PdT0.65 ~2400 ~0.41 0.081 365 2,120 0.172 
ZrNiT2.93 1050 0.101 (67%) 158 ~160 ~9,000 0.018 
ZrNiT2.93 1516 - 194 ~250 ~10,700 0.023 
BaT1.93 391 0.007 (11%) - - - - 
UT3.0 150 - 0.020 1.1 35 0.031 
UT3.0 1108 - 0.024 32.3 93 0.35 
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Conclusions of 3He Distributions in Tritides from NMR Studies

•All tritides exhibit very similar behavior – host properties are 
mostly secondary, except for determining T1 values.

• 3He relaxation times at room temperature are always “Case C”
from initial detection (i.e., 3He atoms are only in gas bubbles)

Corollary: Little or no 3He trapped in host lattice sites

• T2m/T1 ratio << 1 [Becoming larger with time – attributed to 
growth of the bubbles by factors of ~3-10] 

•At long times (i.e., ~1000+ days) T2m/T1 ratios become nearly 
constant – attributed to reaching maximum size range where 
bubbles burst & tritide goes into “accelerated release” phase – this 
behavior varies with Tritide and its stoichiometry, etc.

•Non-exponential recoveries imply wide distribution of 3He 
densities & pressures in bubbles that change with aging
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